Objective To investigate the association of coronary artery calcium score with all cause mortality and cardiovascular events in people with type 2 diabetes.
Introduction
Cardiovascular disease is the major cause of morbidity and mortality in people with type 2 diabetes and the largest contributor to the direct and indirect costs of diabetes. 1 Moreover, compared with people without diabetes, those with type 2 diabetes have a higher risk of mortality at comparable levels of coronary artery disease. 2 In this context, optimisation of risk prediction has emerged as an important clinical problem in this patient population, as it could assist with tailoring of preventive recommendations for management of lipids and blood pressure, and primary prevention with antiplatelet agents.
Computed tomography for measurement of calcium in the coronary arteries has been evaluated as a new non-invasive screening tool for predicting cardiovascular events. The coronary artery calcium score, which infers the presence of coronary atherosclerosis by measuring the amount of calcium in the coronary arteries, has been shown to predict the risk for cardiovascular events in large prospective studies. [3] [4] [5] It also has been shown to add predictive value to existing global risk scores; in particular, the coronary artery calcium score helps to reclassify people at intermediate risk to either low or high risk groups. [6] [7] [8] However, some of these large prospective studies excluded people with type 2 diabetes from the primary analysis, 6 7 possibly because the condition itself confers an increased risk for cardiovascular events and hence is perceived as a unique patient population for prediction models. 9 Although type 2 diabetes is associated with an overall increased risk of cardiovascular disease, considerable heterogeneity exists in vascular risk within the population of people with diabetes. 10 11 For example, whereas a study of patients with type 2 diabetes and proteinuria reported an annual mortality rate of 5.4%, 12 the annual death rate in a non-selected population with type 2 diabetes has been reported to be more than four times lower, at 1.21%. 13 In addition, a study reported that a significant proportion (about 24%) of people with type 2 diabetes had coronary artery calcium scores of <10, a threshold that has been associated with low risk of cardiovascular events. 5 14 Thus, given the broad range of cardiovascular risk observed in people with type 2 diabetes and its implications for targeted preventive strategies in clinical practice, this population warrants focused investigation for the predictive value of the coronary artery calcium score. We systematically reviewed and meta-analysed prospective observational studies to evaluate the association of coronary artery calcium score with all cause mortality and cardiovascular events (fatal and non-fatal) in people with type 2 diabetes.
Methods

Data sources and searches
We undertook a systematic review of the published literature. We selected relevant studies published between 1950 and 13 February 2013 by searching Embase, PubMed, and abstracts from the 2011 and 2012 annual meetings of the American Diabetes Association, the European Association for the Study of Diabetes, the American College of Cardiology, and the American Heart Association (2011 annual meeting). The following combined text and medical subject heading terms were used: "coronary artery calcium" and "type 2 diabetes mellitus". The complete search used for [Mesh] . All potentially eligible studies were considered for review, regardless of the primary outcome or language. A manual search was also performed, using references of key articles published in English. This systematic review and meta-analysis is reported in accordance with the meta-analysis of observational studies in epidemiology guidelines 15 and is registered at International Prospective Register of Systematic Reviews (PROSPERO, www.crd.york. ac.uk/prospero/ CRD42012002915). The researchers are experienced in systematic reviews and meta-analysis.
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Study selection
Studies were considered eligible for inclusion if they were conducted in adults aged 18 years or older with type 2 diabetes, presented original data of prospective observational studies, evaluated the presence of coronary artery calcium score at baseline, and reported all cause mortality or fatal or non-fatal cardiovascular events. We defined fatal and non-fatal cardiovascular events as death due to cardiovascular disease or one of the following: myocardial infarction, acute coronary syndrome, admission to hospital for unstable angina or coronary catheterisation that resulted in angioplasty or coronary artery bypass surgery, congestive heart failure, and stroke or transient ischaemic attack. We compared the number of events in patients with a total coronary artery calcium score of ≥10 (exposed group) with the number of events in patients with a total coronary artery calcium score of <10 (control group). These thresholds enabled inclusion of the maximum number of studies. Sensitivity analyses evaluating other thresholds for coronary artery calcium score were also performed. We excluded retrospective studies, studies that did not provide any source of absolute number of events in each group, and further publications of included studies.
Data extraction and quality assessment
Two independent investigators (CKK and TCR) reviewed study titles and abstracts. Studies that satisfied the inclusion criteria were retrieved for full text evaluation. Studies selected for detailed analysis by these two investigators had an agreement value (κ) of 97%; disagreements were resolved by a third investigator (JLG or RR).
Extracted data included the clinical characteristics of participants, study design, duration of follow-up, and the number of participants who had an event, according to coronary artery calcium score status. We used numerical data in the articles. In the few studies not reporting these data, we calculated risk estimates from the survival curves. We emailed the authors of studies with appropriate data but with specific missing information, but none responded.
To assess the quality of the non-randomised studies included in the meta-analysis we applied the Newcastle-Ottawa scale. 24 This scale contains eight items, categorised into the three domains of selection, comparability, and exposure. A series of response options is provided for each item. A star system is used to enable semiquantitative assessment of study quality, such that the highest quality studies are awarded a maximum of one star for each item, with the exception of the comparability domain, which allows the assignment of two stars. As such, the Newcastle-Ottawa scale ranges between zero and nine stars. 
Data synthesis and analysis
To assess the predictive value of the coronary artery calcium score for all cause mortality or cardiovascular events, or both, we calculated an overall relative risk. We compared people with a total coronary artery calcium score of ≥10 with those with a total score of <10. In addition we carried out sensitivity analyses for other thresholds of scores. All analyses were done for outcomes of all cause mortality or cardiovascular events (fatal and non-fatal), or both, and of only cardiovascular events (fatal and non-fatal).
To adequately account for the additional uncertainty associated with study-study variability, we calculated pooled estimates of the relative risk by using a random effects model (DerSimonian-Laird method). The Cochran Q test was used to evaluate heterogeneity between studies and we considered a threshold P value less than 0.1 as statistically significant. I 2 testing was also performed to evaluate the magnitude of the heterogeneity between studies, and we considered values greater than 50% indicative of high heterogeneity. 26 We explored heterogeneity between studies using three strategies. Firstly, we re-ran the meta-analysis removing studies one at a time to determine whether a particular study accounted for the heterogeneity. Secondly, we carried out stepwise metaregression analyses. Using random effects univariate metaregression models, we assessed several clinical and methodological variables that could influence the association of the coronary artery calcium score and the outcomes: duration of follow-up, age, proportion of males, proportion of participants with hypertension, proportion of smokers, baseline low density lipoprotein cholesterol level, and body mass index. Thereafter, based on univariate metaregression, we constructed a model including baseline low density lipoprotein cholesterol level, proportion of males, and proportion of participants with hypertension. To evaluate the goodness of fit of the model, we used the adjusted R 2 , which denotes the proportion of variation between studies explained by the covariates. Finally, we performed sensitivity analyses to evaluate subgroups of studies most likely to yield valid estimates.
To obtain the pooled estimates of sensitivity and specificity of the coronary artery calcium score for the development of outcomes, we constructed hierarchical summary receiver operating characteristic curves. We obtained the average likelihood ratios of the positive and negative test result. For practical clinical purposes, we estimated the post-test probability of the outcome using the Bayes normogram, considering the pretest probability as the incidence of the events in the included population. 27 The possibility of publication bias was evaluated using a funnel plot of effect size against the standard error for each trial. We used Begg's and Egger's tests to evaluate funnel plot asymmetry, with significant publication bias defined as a P value <0.1. 28 To estimate the effect of publication bias, we used the trim and fill computation. 29 All statistical analyses were performed using Stata 11.0 software.
Results
We identified 448 studies through electronic searches and two through manual searches ( fig 1⇓) , all of which were published in English. Of these, 432 were excluded on the basis of the title and abstract, leaving 18 studies for further evaluation. Eight studies fulfilled our inclusion criteria, providing data on 6521 participants. Table 1⇓ summarises the included studies. The studies were published from 2004 to 2012 and varied in sample size. The mean duration of follow-up varied from 2.2 to 7.4 years; the proportion of loss to follow-up varied from 0% to 3%. At baseline, the proportion of males ranged from 46% to 63.3%, current smokers from 9% to 19%, and participants with hypertension from 63.2% to 100%. Seven studies measured the coronary artery calcium score using electron beam computed tomography (100 ms scan time) and one study used helical computed tomography (500 ms temporal resolution). 32 These techniques have a reported accuracy of 84% 35 and 76%, 36 respectively. Four studies evaluated all cause mortality as the outcome and four evaluated only cardiovascular events. Overall, 802 events (all cause mortality with fatal and non-fatal cardiovascular events) were reported, such that the overall incidence of events in the included population was 12.3% during a mean follow-up of 5.18 years. Table 2⇓ shows an evaluation of the included studies for possible bias. In accordance with the Newcastle-Ottawa quality assessment scale for cohort studies, all studies achieved at least seven stars, indicative of overall good quality.
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All cause mortality and cardiovascular events
Eight studies (n=6521) were included in this analysis. Overall, the prevalence of participants with a coronary artery calcium score of <10 was 28.5%. The relative risk for all cause mortality or cardiovascular events, or both comparing a total coronary artery calcium score of ≥10 with a score of <10 was 5.47 (95% confidence interval 2.59 to 11.53, fig 2⇓) . All but two studies reported a significant increase in the risk of this composite outcome. However, significant heterogeneity was evident among the individual estimates when the magnitude of the association was evaluated (I 2 =82.4%, P<0.001). Evidence of publication bias was lacking on Egger's regression test and the trim and fill computation (P=0.77, fig 3⇓) .
The overall sensitivity of a total coronary artery calcium score of ≥10 for the composite outcome was 94% (95% confidence interval 89% to 96%), whereas the specificity was 34% (24% to 44%, fig 4⇓) . The positive and negative likelihood ratios for all cause mortality or cardiovascular events, or both were 1.41 (95% confidence interval 1.20 to 1.66) and 0.18 (0.10 to 0.30), respectively. For participants with a coronary artery calcium score of ≥10, the post-test probability of the composite outcome was approximately 17%, considering a pretest probability of 12.3%. In contrast, the post-test probability of the composite outcome for people with a coronary artery calcium score of <10 was approximately 1.8%, representing a 6.8-fold reduction from the pretest probability ( fig 5⇓) .
We re-ran the meta-analysis excluding studies one at a time to determine if a particular study was responsible for the high heterogeneity. No single study fully explained the heterogeneity; however, two studies 12 34 made a higher contribution to the between study variance. We then performed a metaregression analysis in an exploratory attempt to identify the sources of heterogeneity between studies. In univariate metaregression models, the covariates of duration of follow-up, baseline age, sex, proportion of current smokers, proportion of participants with hypertension, and low density lipoprotein cholesterol level did not explain the high heterogeneity between studies. We constructed a multivariate model using the covariates that had better model fit in the univariate metaregression analysis: sex, proportion of participants with hypertension, and baseline low density lipoprotein cholesterol level. This model did not explain the variance between studies (P=0.84). Considering all of these exploratory analyses together, we carried out a sensitivity analysis excluding the two studies that contributed highly to the between study variance. 12 34 In addition to being the studies that best explained the variance between studies when excluded from analysis, both evaluated a population of people with diabetes at increased risk for cardiovascular events compared with the other studies (one evaluated only patients with proteinuria 12 and the other people with hypertension 34 ). In the pooled analysis of the remaining six studies, the relative risk for all cause mortality or cardiovascular events, or both comparing a total coronary artery calcium score of ≥10 with a score of <10 was 8.00 (95% confidence interval 4.3 to 15.0). This approach reduced the heterogeneity between the individual efficacy estimates (I 2 =62%, P=0.02), although the heterogeneity was not eliminated.
Cardiovascular events (fatal and non-fatal)
Four studies evaluated cardiovascular events as the outcome (n=1805). Overall, 351 cardiovascular events occurred during a mean follow-up of 4.8 years (incidence of 19%). In the pooled analysis, the relative risk for cardiovascular events comparing a total coronary artery calcium score of ≥10 with a score of <10 was 9.22 (95% confidence interval 2.73 to 31.07, fig 2) . When the magnitude of the association was evaluated, heterogeneity among the individual estimates was significant (I 2 =76.7%, P=0.005). Evidence of publication bias was lacking on Egger's regression test and the trim and fill computation (P=0.65, fig  3) .
The overall sensitivity of a total coronary artery calcium score of ≥10 for the cardiovascular outcome was 95% (95% confidence interval 88% to 97%) and the specificity was 43% (30% to 57%, fig 4) . The positive and negative likelihood ratios for cardiovascular events were 1.67 (95% confidence interval 1.30 to 2.17) and 0.11 (0.04 to 0.29), respectively. The post-test probability of this outcome for participants with a coronary artery calcium score of ≥10 was approximately 23%, considering a pretest probability of 19%. The post-test probability of cardiovascular events for participants with a coronary artery calcium score of <10 was noticeably reduced at 2.5%, representing a 7.6-fold reduction from the pretest probability ( fig 5) .
We further explored the heterogeneity between studies, performing the steps described earlier. Firstly, we re-ran the meta-analysis excluding studies one at a time to determine whether a particular study was responsible for the heterogeneity. One study 34 fully explained the high heterogeneity. In univariate metaregression models, the covariates of duration of follow-up, baseline age, sex, proportion of current smokers, proportion of participants with hypertension, and low density lipoprotein cholesterol level did not explain the high heterogeneity between studies. We constructed a multivariate model using the two covariates that had better model fit in univariate metaregression analysis: sex and proportion of participants with hypertension (the number of studies included in the cardiovascular events meta-analysis precluded the evaluation of more than two covariates in the model). This model did not explain the variance between studies (P=0.79). Based on these exploratory analyses, we performed a sensitivity analysis excluding the study explaining the high heterogeneity. 34 In the pooled analysis of the remaining three studies, the relative risk for cardiovascular events comparing a total coronary artery calcium score of ≥10 with a score of <10 was 16.84 (95% confidence interval 9.33 to 30.43). This approach eliminated the heterogeneity (I 2 =0%, P=0.68). Table 3⇓ shows the meta-analyses comparing the risk of all cause mortality or cardiovascular events, or both at different thresholds of coronary artery calcium score. Compared with a reference group with a coronary artery calcium score of <10, all thresholds of increased scores (≥100, ≥400, and ≥1000) were associated with an increased risk for all cause mortality and cardiovascular events. As expected, the specificity of the coronary artery calcium score increased as the thresholds of the score increased. Of note, the negative likelihood ratio was about 0.1. Furthermore, the same associations were observed when the reference group was considered as a coronary artery calcium score of <100, although the negative likelihood ratio was higher, at about 0.4.
Sensitivity analyses of other thresholds for coronary artery calcium score
Discussion
In people with type 2 diabetes, the presence of a coronary artery calcium score of ≥10 predicts both all cause mortality and cardiovascular events as well as cardiovascular events alone, with high sensitivity but low specificity. The negative likelihood ratio of the coronary artery calcium score for these outcomes was strikingly low (0.18 for all cause mortality and cardiovascular events, and 0.11 for cardiovascular events). Indeed, our evaluation of risk estimates through the Bayes normogram suggests that the coronary artery calcium score may be especially helpful in clinical practice when it is below 10.
Our meta-analyses showed that the coronary artery calcium score might have a role in predicting events in people with type 2 diabetes. The findings of an increased relative risk for all cause mortality and cardiovascular events and cardiovascular events alone were consistent. The exploratory analysis of heterogeneity identified the variables associated with higher variance between studies, especially for cardiovascular events alone (where the sensitivity analysis eliminated the heterogeneity). We used the likelihood ratio as an alternative statistic because of its clinical applicability. Interestingly, we found a low negative likelihood ratio, in the range (that is, 0.1) that Deeks and Altman have previously suggested as providing strong evidence for ruling out the occurrence of an outcome in most circumstances. 37 When evaluating a predictor of adverse outcomes, it is recognised that a useful predictor should have a favourable risk-benefit ratio, reasonable cost, acceptability, and convenience. In addition, to make screening worthwhile an effective treatment should be available, and this treatment should not be equally effective in everyone. 38 In this context, screening using the coronary artery calcium score is a convenient and non-invasive test, although it involves exposure to ionising radiation of about 1 millisieverts (which is comparable to screening mammography). 39 No formal cost effectiveness analyses have been done on the coronary artery calcium score in people with type 2 diabetes integrating risk, benefits, and cost; however, the current findings raise the possibility that screening using the coronary artery calcium score may be cost effective in some subgroups of people with diabetes. Moreover, a previous report showed that patient awareness of an abnormal score was associated with increased adherence to aspirin use and lifestyle changes, 40 suggesting that, besides risk stratification, the coronary artery calcium score might help to support behavioural modification.
The American Heart Association has supported the use of the coronary artery calcium score quantification in people at intermediate risk to improve risk assessment (class IIb recommendation). 41 Conversely, the American Diabetes Association does not recommend its routine use in people with type 2 diabetes because the overall balance of risk, benefits, and cost of such an approach in people without symptoms remains controversial. 1 In light of the lack of previous evidence to support the routine use of the coronary artery calcium score as a screening test in people with type 2 diabetes, we feel that the current meta-analysis is much needed and holds implications for the design of future studies. In particular, the finding of such a low likelihood ratio suggests that a coronary artery calcium score of <10 might help with risk stratification of people with type 2 diabetes and potentially would change prevention strategies in those people. In fact, it has been suggested that the coronary artery calcium score may help to identify people with diabetes who may benefit from aspirin therapy among those without a clear indication based on current guidelines. 13 Most importantly, if we consider that the prevalence of a coronary artery calcium score of <10 was 28.5% in our study population, the current findings might have an important impact on clinical care. Indeed, considering the worldwide prevalence of 346 million cases of type 2 diabetes, 42 these data suggest that about 86.5 million people with type 2 diabetes would have a coronary artery calcium score of <10 and hence a low risk of cardiovascular events. In addition, a score of <10 has been observed in a significant proportion of people with diabetes at intermediate risk on pretest assessment, a subgroup of people who would most benefit from the coronary artery calcium score test. 13 33 In this way, screening using the coronary artery calcium score may facilitate clinical risk stratification by identifying a sizeable subgroup of people at low risk within the high risk population of people with diabetes.
The concept of a low risk subgroup within the population of people with diabetes has been demonstrated in a previous report that showed a similar risk of all cause mortality between people with and without diabetes who had no coronary artery calcium score at baseline (survival 98.8% v 99.4% over five years, P=0.49). 30 These data reinforce the results of our meta-analysis, in which a coronary artery calcium score of <10 was indicative of low risk for future events in people with diabetes. In addition, in the same way that the coronary artery calcium score adds to current predictive scores in the general population, 6 these data raise the possibility that incorporation of coronary artery calcium score into existing risk scores for people with diabetes might improve risk prediction and hence warrants further investigation.
Limitations of this review
A limitation of our meta-analysis is that an analysis of additional risk stratification beyond current available risk scores for people with type 2 diabetes could not be performed owing to the absence of such studies. Secondly, most studies did not take into consideration the use of drugs (that is, aspirin and lipid lowering drugs) that could interfere with the estimates of event rate prediction based on the coronary artery calcium score. Nevertheless, as all studies were performed after 2004, we believe that the people were possibly treated similarly based on current clinical practice recommendations. Thirdly, only three studies reported baseline glycated haemoglobin A 1c and duration of diabetes. However, although these covariates could not be included in metaregression analyses, our models were able to identify the studies that better explained the variance between studies. Of note, although most studies measured the coronary artery calcium score using the same technique, differences in the protocol for obtaining the scores could also have contributed to the variance between studies. Finally, we recognise that publication bias and the quality limitations of individual studies may still be relevant despite our best efforts to conduct a comprehensive search and the lack of statistical evidence of bias. The subjective nature of the Newcastle-Ottawa scale by which the quality of studies was assessed should also be noted.
Our meta-analysis strongly suggests that the coronary artery calcium score warrants further investigation as a prediction tool in people with type 2 diabetes. In particular, randomised controlled trials evaluating the impact of screening using the coronary artery calcium score on mortality are needed. Another point to consider in future studies is that atherosclerosis is a dynamic process, as shown by studies documenting both progression and regression of plaque. [43] [44] [45] Glucose levels are an independent risk factor for progression of coronary artery calcium score, 46 and people with type 2 diabetes have been shown to have a higher rate of progression than those without diabetes. 47 Thus, the optimal frequency of screening using the coronary artery calcium score also needs to be established.
Conclusion
The coronary artery calcium score predicts all cause mortality and cardiovascular events and cardiovascular events alone in people with type 2 diabetes. People with a coronary artery calcium score of <10 were 6.8 times less likely to have cardiovascular event. Taken together, our meta-analysis strongly suggests the need for further investigation of the utility of using the coronary artery calcium score, particularly because of the implications that a negative screening test may hold for clinical risk stratification and preventive management in this population.
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What is already known on this topic
The coronary artery calcium (CAC) score has been shown to predict the risk for cardiovascular events and facilitate reclassification of people from intermediate to low or high risk in large prospective studies of the general population However, most of these studies excluded people with diabetes
The role of the CAC score in people with type 2 diabetes is unclear and given the broad range of cardiovascular risk observed in people with diabetes, this population warrants focused investigation on the predictive capacity of the CAC score
What this study adds
A CAC score of ≥10 predicted all cause mortality or cardiovascular events, or both compared with a score of <10, with high sensitivity but low specificity For people with a CAC score of <10, the post-test probability of all cause mortality or cardiovascular events was reduced by 6.8-fold from their pretest probability
In people with diabetes, the finding of a CAC score of <10 may facilitate risk stratification by enabling the identification of low risk people within this otherwise high risk population 
